different metals dissolved in the molten sodium. He found among other factors that under the action of sodium on molten potassium hydroxide at room temperature, liquid sodium-potassium alloys are formed.
He obtained his Rer. Nat. Degree (main subject physics; auxiliary subjects chemistry and mathematics) in the autumn of 1908 and then left for the Technical High School of Zurich to study under Richard Lorenz who was then the greatest authority on the chemistry of molten salts.
In Zurich he was lucky to find in the first assistant of Lorenz's Institute, Felix Kaufler, a very learned man both in the field of theoretical and applied chemistry, and he learned from him much of what he had failed to learn during his years in Freiburg. He also got help from the eminent technologist, Berl, and had some contact with Willstatter, the head of the Chemistry Department. Both lived on the Zurichberg. One evening walking home Hevesy was astonished to hear Willstatter state that he would soon leave Zurich for the newly-founded Kaiser Wilhelm Institute at Dahlem. When Hevesy asked him what induced him to take this regrettable step-he was the permanent head of the Chemistry Department, had a very fine labora tory and could pick out the most able men from the great number of post graduate students coming from various countries anxious to work under his leadership-Willstatter's answer was: 'If the Fatherland calls, I feel it my duty to respond.' Thirty-three years later Hevesy was present at the meeting of the Danish Academy of Sciences when the president, S. P. L. Sorensen, who was severely ill and had 'death written on his face', read a letter from Willstatter, addressed to the Academy asking them to discontinue sending the publications of that Institution, as he had no home, adding the rem ark: 'I lost all my belongings. That I do not much mind; what I deeply resent is to have lost my Fatherland. ' In 1909 Einstein was appointed extraordinary professor in the University of Zurich. His inaugural lecture which Hevesy attended, was heard by about 20 persons and dealt with the determination of elm. Hevesy had the oppor tunity of showing Einstein round the laboratory. He was much impressed when Hevesy demonstrated to him a hydrogen electrode. 'He had not realized that such an electrode was more than a theoretical conception!' About that time Nernst, much interested in specific heat problems, came to Zurich to consult Einstein. Nernst was in those days at the top of his fame and curiously enough this visit first made Einstein famous in the broader scientific circles of Zurich. Hevesy met Einstein again at Pasadena in 1931. The German barber who cut his hair praised the life in California and added that he had one wish, which when fulfilled would make him an absolutely happy man. 'This wish is to cut once Einstein's hair.' Hevesy expressed his doubts that this would be possible since this duty was regularly performed by Mrs Einstein, but promised to do his best to help him. When Einstein heard about the wishes of the hairdresser he remarked: 'Er hat sich auf Ihrem Kopfe nicht austoben konnen (I had rather poor hair), darum will er meinen haben.'
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When in Zurich Hevesy was to a large extent engaged in the study of the chemistry and electrochemistry of molten salts. He built an apparatus con sisting of four coiled and electrically heated tubes (described in Elektrochemie 1910) which permitted the observation of molten salts through the horizontal tubes. A glass vessel containing molten PbCl2 saturated with metallic lead was then put into the vertical tube of the apparatus. Such solutions containing a trace of dissolved lead have an intense yellow colour. By adding known amounts of solid P b 0 2 the colour disappears as soon as all the Pb is oxidized. The solid P b 0 2 was diluted by finely pulverized PbCl2. Thus a very satisfactorily functioning high temperature titration method was worked out. From the results obtained Hevesy assumed that to a very limited extent Pb reacts with PbCl2 in an analogous way to the reaction of Hg with HgCl2. Lorenz who considered the coloured melt to be a colloidal solution did not much like this explanation but ultimately accepted it.
Hevesy constructed a capillary electrometer using molten lead and molten salts, and studied the phase diagrams of molten N aO H -K O H , K O H -R bO H , R bO H -CsOH, etc. To be able to measure conveniently the temperature of these melts he constructed a thermocouple from silver and nickel. These metals could be inserted without protection into the molten alkali hydroxides. In another paper he described the preparation of metallic Rb by electrolysis of molten RbO H . Several investigations were also carried out on the electrolysis of salts dissolved in organic solvents, partly aiming at the electrolytic separation of radium.
When Richard Lorenz left Zurich for the University of Frankfurt he wished Hevesy to follow him. Willstatter as the head of the faculty, on the other hand, wished to keep him, remarking that, £in contrast to German universities, in Switzerland the assistant does not belong to the professor but to the laboratory'. Hevesy chose a third alternative and left for Karlsruhe to work under Haber, who had just carried out his epochal work on the fixation of the nitrogen of the atmosphere. H aber wished Hevesy to follow up his observations, which he then wrongly thought to be of very great importance, on the emission of electrons accompanying the oxidation of liquid sodium-potassium alloys. He wished him to investigate whether a similar effect could be observed when molten zinc is oxidized. During the three months Hevesy spent at Karlsruhe he had very little success. This was partly because no one at Haber's Institute had mastered the technique of this type of research and to a large extent because Hevesy was in poor health. When Hevesy suggested to Haber that he should go to England to learn the technique employed in such investigations with the intention of continuing his work under him later on, he fully shared his view. That Hevesy's choice fell on Rutherford's and not on J . J. Thompson's laboratory was partly due to the advice of a former pupil of Rutherford's, Rumelin, the son of a Freiburg law professor.
After more or less recovering his health, Hevesy left Hungary early in 1911, for Manchester, stopping at Amsterdam to call on Professor Aten.
Aten took Hevesy to the Hook of Holland where he embarked in beautiful moonlight, not suspecting that within a few hours he would have a shocking experience of seasickness, so much so that on arrival in Manchester he had to stay in bed for three weeks in the Midland Hotel.
At the Manchester Physics Laboratory he met, in addition to Rutherford, a number of 'very able and nice research workers, partly British and partly from overseas'. He was especially impressed by Bohr and Moseley, and began the friendship with Bohr which proved to be of decisive importance for his future life. He found Bohr's 'deep and ingenious thoughts' were often not very easy to understand-a common experience. Bohr's remark that 'Argon is not the right argon' took Hevesy a long time to understand. Bohr already envisaged the existence of several argon isotopes.
Hevesy was fortunate in being present in Manchester during the birth of Rutherford's concept of the atomic nucleus. Although the origin of the aparticles from radioactive nuclei was clear, the origin of the /3-particles was not. During the course of Sunday afternoon tea at Rutherford's house in Wilmslow Road, Hevesy asked Rutherford's opinion about the origin of these particles and was told 'to ask Bohr' which Hevesy did with satisfactory results.
Hevesy occasionally called on Sunday afternoon on Sir Arthur Schuster, Rutherford's predecessor. Schuster complained once about the one-sidedness of the new generation of physicists in Britain-'They know a lot about radio activity but not much else.' This view has been expressed by others in more recent years. However, Hevesy considered that 'this one-sidedness proved to be of great importance when Great Britain began to develop its mighty nuclear power industry'.
Hevesy was on very friendly terms with Moseley and was with him when he picked out the potassium ferrocyanide crystal which was used in his classical work on X-ray spectra. Hevesy helped him to adjust the crystal and later presented Moseley with a very rare specimen of tantalum metal given to Hevesy by Werner von Bolton, the first to prepare metallic tantalum.
Rutherford suggested that Hevesy should investigate the solubility of actinium emanation in water. This radio-element having a half lifetime of 3 seconds the task was not an easy one, but offered an excellent opportunity to learn the technique of dealing with short-lived bodies. When working out the mathematical theory of the method Hevesy was helped by Charles Darwin with whom he and Hans Geiger occasionally dined at the Manchester Midland Hotel.
Later Hevesy became interested in the electrochemistry of radio-elements and embarked on the testing of Soddy's a-ray rule according to which the emission of an a-particle by an atom leads to the birth of an element situated two places lower down in the natural sequence of the elements than the disintegrating element. The ionic mobility of K + and that of Ba2+ is almost identical. This is obviously possible only if the advantage of the Baa+ carrying 2 charges above K + carrying one only is compensated by a corresponding 128 greater resistance of the barium2 + ion due to a greater hydration. Ba2+ is then expected to have about half of the diffusion rate (twice the radius) of the K +. When looking up Landolt-Bornstein's tables during a stay at Graz in Austria Hevesy found this conclusion substantiated, and this induced him to embark on the determination of the valency of radioactive ions based on these diffusion measurements. He contemplated for a while trying the co precipitation method applied so successfully later on by Fleck at Soddy's suggestion, but he had, wrongly, some doubts about its reliability. In autumn 1912 Russell, on a short visit to Glasgow, learned about Fleck's results which not only supported Soddy's a-ray rule, but suggested their extension to a corresponding /3-ray rule.
Shortly afterwards Hevesy left for Budapest to spend Christmas of 1912 there and to write up the result of his diffusion rate experiment. Fajans, knowing of his plans, asked him to stop en route in Karlsruhe. Hevesy then told him of all the progress in Manchester since his departure, including Russell's ideas based on Fleck's results. Fajans became much interested in these and Hevesy's results. He had formerly observed that while the emission of a /3-particle leads to the formation of a more electro-negative element the result of an a-decay is the formation of a more electro-positive one. He told Hevesy that he intended to write a paper covering the whole field which should also include the results communicated to him by Hevesy. Hevesy was necessarily led to a similar conclusion on the effect of a-and j8-rays on the valency. He wrote to Russell suggesting that as he had mentioned Russell's and his own results to Fajans who intended to publish a paper on this subject he should publish his paper at an early date. Russell acted as suggested by Hevesy, and his paper, the first on this field, was published in the Chemical News within a fortnight (15 January 1913). Hevesy's paper on the relation between the emission of a-particles and valency was sent by Rutherford to the Philosophical M a g a z i n e , remarking in a letter to Hevesy that his pap had been fixed up in good shape by Russell.
Looking back on these events, Hevesy was inclined to ascribe the author ship of the displacement laws to a very large extent to Soddy. Soddy had formulated the a-ray law several years previously and he stimulated the investigation of Fleck which led to the discovery of the /?-ray law. Russell was cognizant of Fleck's results and Fajans, possibly independently or through Hevesy, knew of Russell's conclusions based an Fleck's results.
Hevesy had to tread very warily in discussing the priority claims of the work of Fajans, Fleck, Russell and Soddy. He wrote to Rutherford that 'it was nearly easier to settle the problems of Scutari than to avoid hurting the feelings of any of the contestants'.
The Austrian Government presented Rutherford with hundreds of kilo grams of radio lead which contained large amounts of radium D and its disintegration products. Rutherford was much interested in those days in the properties of radiation emitted by the daughter products and found it very disturbing that the precious Ra D was embedded in huge amounts of lead and its radiation was then not available for his investigations. One day Hevesy met Rutherford in the basement of the physics building where the radio lead was stored. Rutherford said: 'My boy, if you are worth your salt you will separate the radium D from all that lead.' Hevesy was an enthusiastic young man in those days and embarking soon on the separation experiments thought he could succeed. After lengthy trials he arrived at the depressing result that a separation could not be achieved. It was, however, soon clear to Hevesy that if radium D could not be separated from lead it should be possible to add radium D prepared from old radium emanation tubes to a small known amount of lead and thus label the lead. So on his way to Budapest where he had to spend Christmas, Hevesy visited the Vienna Institute for Radium Research where he learned that Paneth, an assistant at that Institute, was engaged on just as extensive an attempt to separate radium D from lead and with the same negative result.
From Budapest Hevesy wrote to Paneth in the first half of December 1912 suggesting co-operation. When making this proposal he had in view the labelling of lead by addition of radium D. Paneth responded in a friendly way to Hevesy's offer but suggested a joint investigation of the electro chemical properties of polonium with a view to testing the validity ol Nernst's formula as modified by Karl Herzfeld. The theoretical physicist Herzfeld was a schoolmate of his whom he admired very much. Hevesy replied that he was interested in joining the Vienna Institute subject to the introduction of the method of radioactive indicators. Paneth then replied in a letter of 9 January 1913, that the proposals made by Hevesy seemed to him to be also very interesting and if Hevesy attached great weight to these they could first start to work on these problems.
When Hevesy wrote to Stefan Meyer, Director of the Vienna Institute for Radium Research, asking him for permission to work in that institution he answered very kindly emphasizing in his letter the importance of the study of the chemistry of polonium and suggesting work on those lines, but he added he had no objection should Hevesy wish to carry out with Paneth the application of radium-Z)-labelled lead to the determination of the solubility of the sparingly soluble lead sulphide and similar studies Hevesy was vividly struck by 'the sight of the beautiful capital of the Hapsburg empire, at the zenith of her might and prosperity, covered by glistening crystals of snow, reflecting the light of the powerful electric arcs that illuminated the Burg district where he had his room'. In the second week of January 1913 Hevesy and Paneth started their joint work at the Vienna Institute. Hevesy soon found Paneth to be 'a pleasant and ingenious colleague', and was convinced that he would become one of the leading chemists of his generation.
Hevesy wrote to Rutherford on 28 February 1913 to say that he was working with Paneth on the separation of radium on a big scale. They had determined the solubility of lead in water using radium D. He remarked that 'the political horizon seemed to improve, though the domestic affairs of 130 Biographical Memoirs both countries were not in a rosy state. Foreign difficulties have the advan tage to calm politicians and to show them how short-sighted they are'.
After determining the solubility of lead sulphate and lead chromate by making use of labelled lead compounds, Hevesy embarked on electro chemical studies, investigating the behaviour of lead and bismuth at very low concentrations and studying the electro-chemistry of polonium. He and Paneth found Nernst's law of electromotive forces to be valid even for extremely low concentrations of bismuth ions. Later on, Paneth became interested in the problem of interaction of salt surfaces with dissolved ions, whilst Hevesy studied the interaction between metallic surfaces and their dissolved ions and found that in this interaction hundreds of atomic layers are involved.
Their first results were published in £eitschrift fur anorganische Chemie which was one of the leading chemical periodicals at that time. The Vienna Institute for Radium Research being an institution of the Vienna Academy of Sciences its director, Stefan Meyer, wished the paper to be printed in the Proceedings of the Vienna Academy as well. At his suggestion, while the paper printed in the ^eitsckrift fur anorganische Chemie had as authors Hevesy and Paneth, the identical paper printed in the Vienna Proceedings was published by Paneth and Hevesy. From this sequence of names far-reaching con clusions were drawn by one of Paneth's pupils, Peters, as to the originator of the method of radioactive indicators. Peters was, however, not cognizant of the fact that the paper was first published in the £ . f anorg. Chem. and Paneth in his 'Cornell Lectures' did not mention the paper published in the Vienna Proceedings at all.
The Vienna Institute was a great place of learning in those days. Hess had just discovered cosmic radiation, while Honigschmid was engaged in carrying out his classical atomic weight determinations of uranium and radium. During his stay at the Vienna Institute Hevesy qualified as a 'Privatdozent' of Physical Chemistry in the University of Budapest. However, he availed himself only once of the right to lecture in that Universityduring the term starting at the end of September and terminating at the end of December 1913. His last joint investigation with Paneth carried out early in 1914 was the production of a visible deposit of radium D obtained from glass bulbs in which large amounts of radium emanation were stored. The measurement of the electrode potential of the deposited radium D showed it to be identical with that of lead.
While working at the Vienna Radium Research Institute Hevesy travelled with a glass bulb containing 2 curies of radon from Vienna to Budapest where he had to address the Medical Society. The glass bulb was placed in a suitcase kept above his head! Hevesy asked an audience, in a lecture given in May 1962 at Berkeley, not to mention this to Linus Pauling. He explained that he was an old friend and would certainly resent his telling them such shocking stories-a remark which much amused Edward Teller who was one of the audience. He records that Stefan Meyer, director of the Radium Research Institute, almost daily walked about with the radium standard of a few hundred millicuries between his fingers. His finger tips were ultimately burned but apart from this he was in good health and died at the age of 74 years from heart failure. He also points out that Otto Hahn mentions in his beautiful and most impressive memoirs that he spent much of his time in contact with hundreds of microcuries of mesothorium emitting very hard y-rays and giving off appreciable amounts of radon, as it contained appreci able amounts of radium, without noticing any harmful effect. Otto Hahn enjoyed his 85th year in the best of health! In the spring of 1913 Hevesy returned to Manchester to continue his work on the valency of radioactive ions. During his absence from Manchester Moseley moved to Oxford and invited Hevesy to work with him on the X-ray spectrum of the last members of the rare-earth group and suggested that he should bring with him some of Auer von Welsbach's rare-earth preparations.
The outbreak of war prevented Hevesy from proceeding to Oxford to work with Moseley. He returned to Vienna and later joined the AustroHungarian Army. After being trained at the arsenal in Vienna, he was appointed by the War Office in Vienna to be technical supervisor of an electrochemical works, engaged on the refining of copper in Nagy-Teteny near Budapest, and in the following year he moved to the Hungarian State copper electrolytical works at Beszterczebanya in the Carpathians, a beautiful place, where Hevesy could under very modest conditions do some research work. Stefan Meyer, with his usual kindness, supplied him with a radiothorium sample. During those days he worked out a simple method to distinguish between ionic and colloidal Thi? with respect to ThC.
In Nagy-Teteny they mostly worked up church bells coming from the Balkans. Russian prisoners of war had broken the church bells into bits with mighty hammers. One winter day their small railway station was entirely blocked by unloaded wagons. In despair Hevesy sent a wire to Knien in Dalmatia from where the church bells came with the text: 'Militarkommando Knien. Sendet vorerst keine Glocken.' The telegraphist had been drafted into the army and his deputy, though the wire was typewritten, despatched the following telegram: 'Militarkommando Wien. Meldet sofort Namen aller Glocken.' Soon the General arrived and fiercely remarked that while they were fighting for their existence Hevesy was annoying the Military Command of Vienna with ridiculous requests. He was inclined to put Hevesy before a court martial!
In the first days of October 1918 Hevesy was ordered to travel to Vienna and to call on the chief of the department of the War Office in charge of decorations. He was instructed to supervise and accelerate the coining of war medals ('Karl Truppenkreuz') which were produced in the Carpathian (Kormoczbanya) Hungarian State Foundry, not far from Beszterczebanya. When passing through Budapest on his way to Vienna the revolution broke out, followed by the termination of the war.
Hevesy was on friendly terms with one of the heads of the three chemical institutes of the University of Budapest, Gustav Buchbock, a nice man and an unusually learned scholar. Buchbock tried to induce Hevesy to change his decision to settle in England and to join the University of Budapest. He proposed to the philosophical faculty in the spring of 1918 the foundation of an extraordinary chair of physical chemistry for Hevesy. Shortly afterwards he was asked by the great physicist Baron Eotvos-no suitable physicist being presumably available-whether Hevesy would be willing to become a temporary director of the Second Physical Institute of the University, the head of which had become hopelessly ill. He emphasized that Hevesy's appointment would be strictly restricted to one year. As the war was not yet terminated and it seemed improbable that it would be possible to return at once after the termination of the war to England, Hevesy accepted the post and lectured on experimental physics during the winter [1918] [1919] . When in March 1919, after the outbreak of the revolution, Theodore von Kdrman became the head of the university department, he found the proposal of the faculty to found a chair in physical chemistry and appointed Hevesy.
Whilst during the first revolution Hevesy could work more or less un disturbed, working conditions during the second revolution deteriorated so badly that he was anxious to leave the country as rapidly as possible. While they were together in Manchester Bohr had invited Hevesy to come to Copenhagen, and repeated his invitation by letter early in 1919. So Hevesy left Hungary in the first days of May 1919, first for Vienna and then for Denmark where he enjoyed Niels Bohr's hospitality at his charming cottage at Tibirke Bakker. During his stay with him they settled that Hevesy should take up his activities in Copenhagen as soon as Bohr's Institute was opened, on 1 April 1920. Hevesy thus had time to return in November to Hungary for some months to terminate his joint research with Groh and Zechmeister.
In Budapest, a few months after the end of the revolution, he was fiercely criticized by an influential section of the philosophical faculty of the Univer sity for having been appointed by the revolutionary government. However, the faculty itself under the 'ancien regime' (in May 1918) had proposed the creation of a chair in physical chemistry and to appoint Hevesy as its holder. The fact that four weeks after his appointment Hevesy left the country and returned only after the revolutionary regime was removed showed that he was not very impressed by his appointment. Later their feelings cooled down. When the University of Budapest was asked by the Nobel Committee to make a proposal for the Nobel Prize, the Faculty proposed Hevesy for both the chemistry and the physics prizes.
Hevesy was elected a member of the Hungarian Academy of Sciences in 1945 when Szentgyorgyi became its president.
Hevesy finished his work with Groh on self-diffusion in solid lead and carried out an investigation with his friend Zechmeister on the exchange ability of lead present in organic compounds, such as tetraphenyl lead, applying radioactive lead as an indicator. This research, besides showing the lack of interchange of lead in such systems, demonstrated more directly than any other method the correctness of Arrhenius's conception of electrolytic dissociation. If equimolecular amounts of radioactive lead chloride and non-active lead nitrate are dissolved and then separated by crystallization, the specific activity of lead chloride is found to be reduced to half of its original value. Thus half of the lead atoms originally present in the chloride were now in the crystallized nitrate and vice versa.
Hevesy arrived at Copenhagen in March 1920 simultaneously with the theoretical physicist Rubinowitch. Kramers came somewhat earlier. The building of Bohr's institute took a longer time than was expected. Bohr resided in buildings adjacent to the physics library of the Technical High School. Hevesy vividly remembers Bohr discussing the naming of the new institute. He hesitated between 'Institute for Theoretical Physics' and 'Institute for Atomic Physics'. In giving the first name preference he was mainly influenced by the consideration that the alternative name might sound too pretentious and might not fully cover the scope of the future activities of the institute. Bohr's lifelong secretary, Miss Schultz, took up her post shortly before Hevesy arrived and soon after his arrival Bohr engaged his laboratory steward M r Olsen. In front of the Technical High School of Copenhagen there is a monument to Olaf Roemer. Passing that monument Hevesy remarked to his companion-who may have been Rubinowitch-that 'there was room in front of Roemer's monument for one for Bohr'. His companion smiled at his remark, but he would not smile any more today. Hevesy was temporarily placed in Bronsted's physical chemistry laboratory in the basement of the building of the Technical High School. Shortly after his arrival he began his association with 'that brilliant experimental and theoretical chemist and marked personality', which Hevesy was to enjoy so much in the years to come.
In those years Hevesy was much interested in the problems of separation of isotopes. While the mass spectroscope method of identification of isotopes had already reached a high degree of perfection, trustworthy methods of separation of isotopes on a substantial scale were not yet worked out. Aston obtained by the diffusion method two neon fractions of slightly different density, but when repeating the experiment with an improved arrangement which should have produced a much more efficient separation, the opposite was observed. Bronsted happened to have visited Aston in 1920 and got interested in the same problem which was in the centre of Hevesy's interest at this time. So they joined forces to separate the isotopes of mercury. Bohr showed much helpful interest in the work and encouraged Hevesy to tackle the problem. They worked out two different methods. One was based on Knudsen's results on effusion of mercury vapour atoms of long free path through a small hole, the lighter isotope having a greater chance to get through the hole; the other method being based on the difference in the rate of evaporation of isotopes. They placed mercury in a vessel in a Dewar flask filled with liquid air and kept the mercury at 40 °G. Hevesy spent many nights in the laboratory repeating the distillation process many times until they obtained a residual fraction which was appreciably heavier than the dis tilled fraction. When plotting the densities of the numerous mercury fractions obtained at extremely low pressure and a low temperature, they obtained exactly the dependence expected by the theory. Their results proved unambiguously that a partial separation of the isotopes was achieved. Honigschmid determined the atomic weight of their fractions and found the difference expected on the basis of the density measurements. Making use of a very accurate method of density determination of mercury (1 : 106) they measured the density of mercury prepared from numerous mercury minerals of different origin. No difference in the density of the compounds, and therefore of their isotopic composition, could be detected. They then embarked on the separation of chlorine by distilling at low temperature in a high vacuum highly concentrated solutions of HC1. An appreciable separa tion of the chlorine isotopes was obtained. Hevesy suggested to Bronsted that they should determine the density of the water fractions obtained in these experiments. As, however, Stern & Vollmer a short time before in their diffusion experiments through porous membranes could not find any indication of the existence of hydrogen or oxygen isotopes other than *H and l60 , Bronsted did not like the idea, and they omitted density determina tions of the water samples obtained. So they missed the discovery of deuterium! Very large fractions of cone. HG1 showing an appreciable difference in their 37C1/35C1 ratio must have had a strongly differing deuterium content! In the spring of 1921 Bohr's Institute was opened and Hevesy moved into the premises in which-with some interruption-he and his collaborators worked till 1946 when these laboratories were converted into lecture rooms.
Bohr's Institute was a modest building erected from funds given by Bohr's personal friends. Though a theoretical physicist himself Bohr wished to become the head of an experimental institute. Kramers, Rubinobicz from Poland and for some time Oscar Klein worked on theoretical physics at the Institute. Experimental work was carried out by Hevesy, and by Werner & Jacobsen who were working under the guidance of H. M. Hansen on problems of spectroscopy. After a few years the Rocke feller Foundation gave a grant to enlarge the Institute. Bohr wished to obtain the ground on which the additional buildings were to be erected from the City of Copenhagen and invited the town council to a tea-party at the laboratory. The most influential member of the City Council was the Mayor Jensen, a taciturn little man. Hevesy happened to stand in a corner with Mayor Jensen sipping his tea. The only remark he made was: 'This will be a very expensive cup of tea.' He was wrong. 'The enlargement of Bohr's Institute was a paying proposition. Apart from the immense cultural value it brought to Denmark it induced the coming of a very great number of foreign students with all the economic advantages of such an immigration. ' In the early days of the Institute Hevesy investigated the difference in the George de Hevesy 135 conductivity of solid, single salt crystals and of polycrystalline materials and found an appreciable difference which he interpreted as due to an 'irrever sible loosening' of the crystal lattice in contrast to the 'reversible loosening* due to the increased energy content of the ions with increasing temperature. The ideas introduced in the course of these investigations were later, with great success, developed by Wagner and others. Hevesy's earlier studies included also the measurement of the change in the conductivity of molten salts at solidification, demonstrating that the change observed often decides whether the conductivity is metallic or electrolytic; he also studied the exchange between the lead atoms of molten lead salts and metallic lead. The exchange studies between metallic lead and aqueous lead salt solutions which Hevesy started in Vienna were continued. Many data were collected showing that several hundred atomic layers of lead are involved in the exchange; these investigations were continued later on with Martin Biltz at Freiburg. Rutherford's great success in producing the artificial transmutation of elements in 1919 induced Hevesy to try to influence the disintegration rate of uranium by bombardment with a-rays emitted by a very intense source (1 curie) of radon and its disintegration products. Such an influence should result in a change in the UX concentration and correspondingly in that of the intensity of the /J-radiation emitted by the TJX present in the sample. The experiment giving a negative result, Hevesy tried to find out whether an irradiation with an intense beam of X-rays influences the disintegration rate of radium D since this would result in a change in the intensity of ^3-rays emitted by R a£ present in radio-lead. Hevesy's plan was to operate an X-ray tube having a water-cooled radio-lead anticathode for a long time and to compare its ^-activity before and after the running of the tube. Coster came to Copenhagen in September 1922 after 1 year's stay in Siegbahn's laboratory, and Hevesy succeeded in interesting him in this problem. While in search of a suitable high voltage apparatus Hevesy asked Coster to teach him X-ray spectroscopy which he wished to apply in mineral analyses. Hevesy suggested that he might combine his teaching with a search for the element 72, which according to Bohr's view should be a homologue of titanium. According to Bohr, the number of inner electrons which are successively filled when going from one rare-earth element to the next one is only 14; thus the rare-earth group is terminated with the element 71 and the element 72 cannot, as thought previously, be a member of the rare-earth group. This conclusion was stated in a footnote of Bohr's famous paper dealing with the constitution of the atom published in 1922. Urbain, when crystallizing ytterbium-and lutetium-containing fractions, arrived at samples showing 26 hitherto unknown spectral lines which he interpreted as due to the missing element 72, and Dauvillier observed 2 weak lines in the X-ray spectrum of Urbain's fraction which he considered to be due to the element 72. In view of this evidence, Bohr asked Hevesy and Coster when Coster was visiting Copenhagen early in May 1922 , whether in view of the evidence brought by Urbain and Dauvillier he should omit the footnote of his paper which contained the statement that the element 72 was expected to be a member of the titanium group. Both advised Bohr not to omit the statement. They considered that in view of the intricate optical spectra of the rare-earth elements the appearance of spectral lines not formerly observed in a fraction may not necessarily be due to the presence of a hitherto unknown element. Nor should a discovery of an element be claimed by observing a weak X-ray line. This was strikingly illustrated later by the erroneous claim of the discovery of masurium based on the appearance of such weak lines.
Neither thought at that date, however, of searching for the missing element. In 1922, while reading geochemical papers during his summer holidays which he spent in Hungary, Hevesy started to consider the possi bility of trying to find the missing element 72. When passing through Berlin, on his way to Copenhagen, his friend Paneth took him to the Schlesische Bahnhof and when Hevesy mentioned to him his intention of looking for the element 72 he strongly encouraged him to do so. This encouragement greatly contributed to his final decision to embark on the search for the element 72. The first step towards the discovery of hafnium was to look in zirconium or thorium minerals. Theory did not supply any information on this point. So Hevesy gave a preference to zirconium minerals. This proved to be very fortunate as thorium minerals hardly contain any hafnium. Professor Boegild, a very kind man, director of the Mineralogical Museum of Copenhagen supplied him with zircons from Norway and Greenland. Hevesy removed all soluble constituents and gave the sample to Coster to take an X-ray spectrum. The first photograph taken by him indicated the presence of the H f L at and L a2 lines.
When faced with the task of separating H f from Zr luck favoured him again. He chose the double fluorides of the zirconium to be crystallized and this proved to be the best method of separation.
Not only Urbain claimed to have discovered the element 72. Alexander Scott, the chief chemist of the British Museum, at the suggestion of Armstrong, put forward, after reading their paper, a claim to have pre viously discovered hafnium and proposed the name oceanium for that element. Analysing an Australian titanium sand Scott found an insoluble fraction which he thought to contain the element 72. An X-ray investigation of the sample he sent to Copenhagen did not reveal the presence of the slightest trace of hafnium. A leader in the London Times said that 'Science is and doubt less should be, international but it is gratifying that this chemical achievement, the most important since the late Sir William Ramsay isolated helium in 1895, should have been the work of a British chemist in a London laboratory. The element 72 which was thought to be, if existing, exceedingly rare and the properties of which were calculated by Danish chemists was actually discovered by Alexander Scott'! Several years later when skiing at Arosa, F. W. Aston told Hevesy that this leader of The Times made him feel ashamed. Soddy wrote suggesting that the proposal to name the new element hafnium should be withdrawn if the optical spectral lines of the element prove to be identical with those of Urbain's 'celtium'. Not a single one of Urbain's 26 'celtium lines' could, however, be found in the spectrum of hafnium determined by Hansen and Werner.
Hevesy obtained much help and encouragement from various scientists in the course of his work with hafnium. Professor Karl Freudenberg pre sented him with Marignac's zirconium fluoride collection. They also obtained numerous zircon and zirconia samples, to determine their hafnium content. Formerly the atomic weight of zirconium was determined by analysing zirconium sulphate, the value 90*6 being obtained by Berzelius.
In the course of their work zirconium free of hafnium was prepared. Honigschmid, analysing the tetrachlorides prepared from the zirconium samples purified from Hf, found the atomic weight to be 92-6. Venable, who analysed the tetrabromides but used zirconium not purified from hafnium, found a very appreciably higher value than all his predecessors and though spending years to clear up this discrepancy did not succeed. After the discovery of hafnium he sent Hevesy some of his zirconium to determine its hafnium content. By correcting for the presence of hafnium, Hevesy obtained for the atomic weight of zirconium a value which was almost identical with the value obtained by Honigschmid, and this made Venable very happy.
Among those who supplied them with valuable material for their work was the eminent mineralogist V. M. Goldschmidt. He presented them with the mineral alvite which has a high hafnium/zirconium ratio amounting occasionally to as much as 0*1. Hevesy was asked to give a talk at the annual meeting of the German Chemical Society in 1923 on the discovery and properties of hafnium. When Goldschmidt got reports from Norwegian colleagues present that Hevesy did not mention his gift of alvite he cut off all connexion with Hevesy. Matters were smoothed out as soon as Hevesy's lecture came out in print with the due acknowledgement for the gift of alvite. This was Hevesy's sole temporary disagreement with this 'most ingenious and eminent but also most sensitive naturalist'. Hevesy first met him in 1906 in Freiburg. He came to the Institute (Phys. Chem.) in which Hevesy worked at that time to learn how to determine the emanation content of minerals, and they were from that early date up to his death in 1948, on very friendly terms. Hevesy was staying with Goldschmidt at his apartment at the Holmenkollen near Oslo a fortnight before the occupation of Norway by Hitler's troops. Goldschmidt told him that the Norwegian army was undermined and that his pupil Lunde (later Minister of Propa ganda in the cabinet of Quisling) was a presumptive Gauleiter. Since Goldschmidt liked to exaggerate, Hevesy thought that this information had to be taken with a grain of salt. But everything came true as Goldschmidt had predicted.
When addressing the German Chemical Society at Berlin on the discovery of hafnium Hevesy was staying with Haber at his comfortable house at Dahlem. Once he wished to take Hevesy for a ride but could not find his gloves. This made him quite hysterical, shouting: 'So vielen Menschen have ich im Leben geholfen und niemand will mir helfen, meine Handschuhe zu finden.' On finishing the extended investigations of the chemistry and geo chemistry of hafnium Hevesy concentrated his interest on the separation of the isotopes of potassium to find out which of the isotopes of potassium is responsible for the emitted ^-radiation. With Miss Logstrup, they distilled for more than a year several kilograms of metallic potassium and secured a light and a heavy potassium fraction due to a concentration of 39K with respect to 4 1 K. If 41K were responsible for the j8-ray emission the percentage increase of the /3-activity of the heavy sample determined by them should correspond to the increase in its 41K content calculated from the atomic weight figure of their fractions, which were determined by Honigschmid. If a, then unknown, 4°K were the active isotope the concentration of activity should be below the concentration o f4IK revealed by Honigschmid's atomic weight measurements. At that date the comparison of very small activities encountered appreciable difficulties. Hoffman's electrometer was considered to be the most sensitive instrument and Hevesy's Freiburg assistant, Dr Seith, went to Konigsberg to compare the activity of the light and heavy KG1 fractions, making use of the very sensitive Hoffman electrometer. Since Geiger's j8-counters were then being developed, Hevesy induced Seith to study Geiger's work at Kiel and, jointly with Pahl, he carried out later at Freiburg a great number of very exact measurements which, combined with Honigschmid's atomic weight determinations, gave the result that the radioactivity of potassium is due to its 41K content. Unfortunately Honigschmid's determination of both the normal atomic weight of potassium and also of that of its fractions proved to be wrong. Honigschmid was rightly considered as possibly the greatest authority in the field of atomic weight determination of his time. But even the greatest master can be wrong in a single case. When Hevesy visited Harvard as a Baker Lecturer at Cornell in 1930, Baxter drew his attention to his view that the value obtained by Honigschmid for the atomic weight of K was wrong and so, presumably, was that determined by him for Hevesy's samples. Baxter offered to deter mine the atomic weights of Hevesy's fractions. This determination showed that their separation of 41K from 39K was very appreciably larger than calculated from Honigschmid's figures and that accordingly the radio activity of K must be due to a lighter isotope than 4IK but heavier than 39K, thus to 4°K. The result they arrived at from the data supplied for Hevesy's samples by one of the great masters of atomic weight determination was just opposite to that obtained by the other great master, both results being published, Honigschmid's in the f . anorg. ., Baxter's in the J. Amer. Chem. Soc. Hevesy then decided to try another line of attack in Freiburg and to isolate calcium from old mica almost free from calcium but containing much potassium. I f 4IK should emit j8-rays they should extract calcium from this mica which should contain significant amounts of 41 Ca which Aston could determine. Aston found no trace o f41 Ca in the sample, a result which supported the conclusion arrived at from Baxter's figures. During Hevesy's second stay at Copenhagen he showed with Miss Levi that the artificial radioactivity discovered by Fermi and his colleagues by bombarding K with neutrons is due to the reaction 4gK-f-oW----since they succeeded in producing 42K through the action of neutrons on scandium by the reaction ^Sc-f-'w = 4gK+fHe, and also from calcium by the reaction 4"Ca -\-ln = 4gK +|H . The period of 42 K thus obtained was found to be about the same as found by Fermi for radioactive potassium produced by bombarding potassium with neutrons. This suggested that the natural radioactivity of potassium is the result of the process = 4°K. During the war Hevesy's former assistant Pahl, then on Heissenberg's staff in Hechingen, succeeded in carrying out a mass-spectrographic analysis of Hevesy's potassium samples. Aston could not carry out such a determination ten years earlier, his spectrograph not being sufficiently sensitive for such a purpose. Pahl showed unambiguously that Baxter's result was right, thus the radioactivity of potassium is due to 4°K, a result which in the meantime was obtained by American scientists by mass-spectrographic separation of the K isotopes and measurement of their activity.
During Hevesy's stay in Copenhagen he was offered in 1920 an extra ordinary professorship in physical chemistry in the Technical High School of Darmstadt and in 1925 a full professorship in the University of Freiburg and also in the Technical High School of Hanover; the University of Frankfurt making a similar offer in 1929. Being entirely happy to be in Copenhagen he did not intend to accept any of these proposals. However, in the autumn of 1925 when Hevesy made a courtesy call at the University of Freiburg with his wife they were both impressed by the beauty of the place and the friendliness of all they met. Hevesy had still many friends from his student years at Freiburg. His wife strongly advocated settlement for some years in Freiburg, and so they decided to accept the call and to move there in April 1926. The eight very pleasant years they spent in Freiburg were among the best ones of his life. He found in Freiburg very kind and able colleagues, nice students, and a university which ranks among the best in Germany. The institute Hevesy obtained was enlarged in 1930 by a grant from the Rockefeller Foundation who supported his work uninterruptedly from that date for 25 years.
Hevesy started his activities in Freiburg by developing X-ray analysis using fluorescent radiation, applying this method to the investigation of the terrestrial and cosmical abundance of the chemical elements. They developed quite effective methods of analysis thanks to the efforts of his very able assistants Bohm, Faessler, Alexander and Wiirstlin and also to his Japanese collaborator Ishibashi who analysed numerous meteorites by this method.
In determining the abundance of the elements, zirconium, hafnium,
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Biographical Memoirs niobium, tantalum, molybdenum, tungsten, titanium, chromium and the rare earths, the X-ray method, though more accurate than the optical method, was undoubtedly more time-consuming than the latter and was in many cases less sensitive. Madame Gouchois later much increased the sensitivity of the X-ray method by applying the bent crystal method. Another line of research of the Freiburg Institute was the investigation with Seith of self-diffusion in solid lead salts, using radioactive lead as an indicator. By making use of a method based on the recoil phenomenon they could measure diffusion coefficients as small as 10" 1 4 cm2/day. A Japanese collaborator, Yoshima, investigated the composition and structure of platinum black, making use of ThR as an indicator in the determination of its lead content, while Bohm studied its crystal structure by the DebyeScherrer Method. His assistant, Bohm, a unique character and a highly qualified scientist was appointed an extraordinary professor in his institute and obtained later on the chair in physical chemistry in the German University in Prague.
Work was also done on the chemistry of hafnium. In searching for as yet unknown radioactive bodies they studied, among others, rare-earth elements and discovered in the course of these investigations the radioactivity of samarium, which was found to emit a-rays, whose properties they studied. They searched also for a stable isotope of polonium, but without success. Platinum samples obtained from the electrolytic works of the International Nickel Company in London were tested and some of these were found to be radioactive. The radioactivity was due to the presence of polonium which was electrolytically precipitated with the platinum. Studies were made on the distribution of Bi, Pb and Th in the normal and cancerous animal body, applying radioactive isotopes of these elements as indicators. In some of this work they were helped at Hevesy's request by a Japanese collaborator of the great pathologist Aschoff who later sent Schoenheimer, then Aschoff's chief chemist, to look after the Japanese colleague. In those years Schoenheimer became acquainted with the tracer methods which he later applied with his equally ingenious colleague Rittenberg in an unsurpassed way. Early in September 1931 the 'brilliant Heidelberg chemist' Freudenberg called on Hevesy. He was formerly at the Technische Hochschule, Karlsruhe, where Weltzien was one of his predecessors. Freudenberg drew Hevesy's attention to the fact that due to the depression, beautiful houses were on sale at a very advantageous price in Freiburg and suggested he should buy one. However, the political horizon was already dark at that date and Hevesy could not make up his mind to settle in Germany and did not follow Freudenberg's advice.
When Hitler came into power Hevesy resigned but was asked by tele phone by the head of the University Department of the Ministry of Educa tion to withdraw his request. Hevesy had several students, among them a few Britishers, working on their doctor's theses, and he estimated that it would take about 2 years before they would terminate their work, so he decided to prolong his stay by about 2 years. In due course he handed his resignation to Rector Uhlenhut, stating that he wished to concentrate his energy in the future on research only. Though he had a great number of students in the years to come he did not deliver regular courses, except as Franqui Professor in the University of Ghent in [1949] [1950] . Uhlenhut and other colleagues tried to induce Hevesy to change his decision; Wieland wrote from Munich and so did Eucken from Gottingen. When he left, the registrar Weber remarked: 'I hope you will never repent leaving us.' He did not. Uhlenhut was accepted by the Karolinska Institute as a qualified Nobel Prize candidate. But each year someone of more merit turned up and Uhlenhut went into the background. Hevesy often wondered whether 'the integral value of the sorrow from not having obtained the prize is greater than that of the pleasure from obtaining it'. He said that he had little pleasure from his prize. In the preceding summer he contracted an infection of the gall-bladder system while working at the Kristineberg Zoological Station and was nursed at the Saltsjobaden Sanatorium. So he was not in the mood to enjoy the distinction. He greatly enjoyed two other distinctions -his first honorary degree and his election as a Foreign Member of the Royal Society. He was sailing in June 1929 on the Nestor from Liverpool to Cape Town on a choppy sea with members of the British Association when a cable announced that the University of Cape Town had decided to confer an honorary degree on Rutherford, Aston, the Cambridge botanist Seward, the Minister of Finance Hofmeyer and Hevesy. He had great admiration for Rutherford and felt very happy to get a degree conferred simultaneously with him.
Hevesy was on a lecture tour in Holland, staying with his old friend Aten, shortly before the outbreak of the 1939 War, when he received a letter from his friend Egerton, Secretary of the Royal Society, stating that he was elected a Foreign Member.
Hevesy said that 'The general public considers the Nobel Prize to be the greatest distinction a scientist can obtain, but this is not the case. Forty to 50 chemists have the Nobel prize, but only about 10 are Foreign Members of the Royal Society and 2 Foreign Members (Bohr and himself) are recipients of the Copley Medal of that Society. ' In view of the fact that the Freiburg Institute had numerous X-ray installations, Hevesy proposed Noddack as his successor. On being offered a professorship in Strasbourg during the war he very unwisely gave up his post at Freiburg. When he left for Strasbourg in 1942 his laboratory steward suggested he should not forget to take a swimming belt with him. He had in mind an escape from Strasbourg after a lost war, which the laboratory steward had foreseen, but not his learned chief. Hevesy had engaged the labora tory steward when he was a stoker with the State Railways. Shortly after he had started on his job Niels Bohr visited Hevesy and the steward, Haas, on hearing Bohr being discussed as a most famous man, asked if it was the dis covery of the boric ointment ('Borsalbe') which had made him so famous.
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Hevesy had at first no difficulties with the Nazi authorities. Shortly after Hitler came into power the law enabling the government to dismiss any state official was introduced. Only those appointed prior to 1 January 1914 were exempted. Hevesy was not a German state official at that date but he was in the Swiss Federal Service in 1909 and 1910 . Looking through his personal data the Ministry of Education noticed this fact and ruled that a Swiss Federal service should be considered to be equivalent to a German State service and confirmed his position in spite of the fact that his ancestors did not come up to the mark required by the Nazis.
Hevesy stayed in Freiberg until October 1934 and then moved to Bohr's Institute in Copenhagen. The move proved to be very fortunate for his research. Artificial radioactivity had just been discovered and Bohr's Institute had good facilities for working in this field whilst Freiburg had none.
The two years spent in the Third Reich were very instructive ones. Hevesy was a member of the Senate of the University which discussed among other things the measures to be taken to support the City Mayor who, being an influential member of the Catholic Party, was harassed by the Nazis. They were just discussing this item when a messenger arrived to announce that the Mayor had been put into preventive custody 'to protect him from the wrath of the people'. He was in fact a very popular mayor. The day Rohm was killed Hevesy happened to call on a friend of his, the physicist Mie, 'an eminent scientist, philosopher, a kind and distinguished m an'. He found him in unusually high spirits. 'This Hitler is a marvellous m an,' he said. 'He has just told us on the radio that by executing 36 men (we know now they were 150) he has saved the lives of several thousand who otherwise would have been executed in a year's time.' He was most im pressed. During the same summer the Chemical Society had its annual supper in which professors, students and a few distinguished guests took part, among these a well-known director of the German Dye Trust (I. G. Farben) who was seated beside Hevesy's wife. He told her: 'My God is Hitler and my religion is National Socialism. ' A socialist was to be arrested as an enemy of the Nazi Party. He resisted the arrest and killed a policeman in the course of his resistance. The latter was not a Nazi but was at once made a hero of the party. He was to be buried like a king. All S.A. (Storm troopers) not only from Freiburg but also from the surrounding country had to follow the coffin. Being Dean of the Faculty of Natural Sciences Hevesy had to represent the University jointly with the Dean of the Medical Faculty, Rehn, an enthusiastic follower of Hitler. They were instructed to participate by the Rector of the University, the philo sopher Haideker, and had to march with the S.A. troops. Marching up and down in the churchyard went on even after the act of burial was terminated.
A few days later the mineralogist Rinne was to be buried. He was Professor in the University of Leipzig and later an honorary professor in the University of Freiburg housed in Hevesy's Institute. He did not belong to any religious community and thus no priest was present at his burial. Hevesy had to deliver, as the Dean, the farewell address. The burial took place in the small medieval cemetery of a beautiful suburb of Freiburg, that of Guenterstal. On one side lovely wood-covered hills were to be seen, on the other a massive phalanx of S.A. men. Rinne was an enthusiastic member of the Nazi party. Standing there Hevesy was pondering Quo vadis? But when he tried to visualize developments in the future he was wrong. He thought that Hitler wanted to blackmail the Western Powers for money, material and colonies. In fact Hitler had made up his mind at an early date to make war.
Hevesy records that early in spring a deputation of great landowners called on Hitler to find out his intentions about large estates. After declaring that he had no objection to the possession of large landed properties he started to talk on his foreign policy. He told those present that he would conquer Holland, Belgium, France, England, Denmark and Norway, not mentioning Sweden. After he left, the Secretary of State, Meissner (who was previously in the service of Hindenburg) warned those present against mentioning a single word about what they had heard from the Fuhrer. Among those present was Count Douglas, a great landowner both in the South of Germany and in Sweden (his brother was Swedish army chief during the Second World War). Count Douglas at once informed the King of Sweden about Hitler's talk. This episode was later reported in the Swedish press. Early in October 1934 Bronsted put laboratories at Hevesy's disposal where some of his pupils could also work. He was most happy to be again in close proximity to Niels Bohr.
During the course of work with Hilde Levi in 1934 after the discovery of artificial radioactivity they had the idea that radioactivity artificially induced in a sample could be used for the analytical determination of some of the components. They showed, in a paper published in 1936, how dys prosium could be identified in yttrium by observation of the 2 • 5h half life produced by neutron irradiation and that the amount present could be accurately determined by comparison of the activity with standard prepara tions. In a subsequent paper they described how they had used radioactiva tion analysis for the determination of erbium in gadolinium on behalf of Hevesy's friend Professor Rolla of the University of Florence. Hevesy had previously determined the impurities in Rolla's rare earth preparations by means of X-rays but having left his X-ray equipment in Freiburg, he decided to try the new method. They exposed 50 mg of the sample to slow neutrons from a radium-beryllium source. No measurable activity was produced from the gadolinium and the 9 • 2h activity arising from europium was compared with the activity exhibited by standards prepared from pure Gd20 3 and Eu20 3 which Hevesy had obtained from Auer von Welsbach. They showed that Rolla's purest sample contained 0 • 40 per cent of Eu20 3.
In 1913, after Hevesy carried out the first investigation with radioactive 144
indicators with Paneth he returned in the spring to Manchester. While in dulging in a cup of tea with Moseley at Rutherford's laboratory he happened to mention that he would be interested to label the water contained in the tea and follow the path of water molecules through the body. Moseley thought this wish to be too ambitious. It took, however, only 19 years until Urey discovered heavy water and on reading Urey's paper Hevesy im mediately saw the possibility of carrying out the investigation mentioned in his talk with Moseley. Hevesy was on friendly terms with Urey who had spent 1923 at the Bohr Institute, and wrote to him asking for some heavy water. Urey very generously supplied him with a few litres of water con taining 0 • 6 per cent heavy water. Hevesy used this water first to study the interchange of the water molecules of the goldfish with those of the sur rounding water and later, introducing the principle of isotope dilution, studied the water content of the human body and the mean life time of the water molecules in the body. These investigations were interrupted by his move to Copenhagen. Hevesy took his assistant Hofer, an offspring of the Tyrolean hero Andreas Hofer, with him to Copenhagen. He had great experience in carrying out density measurements of water samples. Shortly after his arrival in Copenhagen August Krogh called on him. He was much interested in carrying out biological experiments with heavy water. Hevesy was very happy about this since he intended to concentrate on the application of artificially produced radioactive isotopes in tracer studies.
When studying water exchange between the goldfish and the surrounding water he observed occasionally a more than 100 per cent exchange. This induced him to study the exchange between labelled water and hydrogen of fats and other body constituents, which was studied about the same time with much success by Schoenheimer and Rittenberg (first paper in 1935). The discovery of artificial radioactivity induced Hevesy to abandon his plan. Some years later he carried out with Jacobsen, assistant at the Carlsberg laboratory, some permeability studies using heavy water, and with Huggkvist, the histologist at the Karolinska Institute, some biological investigations.
Krogh, a man of unusual vision, realized the importance of the indicator methods which he took up at once after Hevesy's arrival at Copenhagen. His assistant Ussing participated in these researches. Ussing became with time one of the most outstanding scientists working with isotopic indicators. In a written statement Krogh, in 1934, drew the attention of some of the Copenhagen scientists, among them S. P. L. Sorensen, to the importance of the tracer methods. Sorensen disagreed completely with Krogh's views. He considered Hevesy's experiments with 32P on the renewal of the skeleton, for example, to be entirely without interest and the results obtained to be due to the effect of some 'superficial absorption' of the radio active material. His entirely negative attitude was presumably partly due to the fact that Linderstrom-Lang did not expect much from these methods and considered Hevesy's early investigation (1922) in which lead uptake by plants was studied, using radioactive lead as an indicator and on the circula tion of labelled lead in plants (1923) , to be a poor piece of work. This investigation was filmed by the Signal Corps of the U.S. Army in 1951! In 1936 and the following years Hevesy studied in Sorensen's Institute 32P uptake by plants and by yeast and I5N uptake by plants. In these inves tigations Linderstrom-Lang, later Sorensen's successor, had a great share.
Hevesy considered that much of the shortcomings of his biological in vestigations which started with the study of the renewal of the skeleton using 32 P as a tracer was due to his having had to start the study of physiology and biochemistry simultaneously with the application of radioactive indicators in physiological and biochemical research. The only support he had came from the surgeon Chiewitz, a most kind man of great character, who put his technician, who reared and dissected mice, at Hevesy's disposal. Hevesy had, however, the opportunity to learn a lot from Krogh and also from Lundsgard and his staff. He got permission to work for a while in Lundsgard's premises and obtained much help from his experienced aged technician, Miss Hagfelt. One of their main difficulties was to obtain sufficient 32P for their work. On Niels Bohr's 50th birthday in 1935 his friends presented a sum of over 100 000 kr. which Bohr directed to be applied to the purchase of a radium-beryllium source to be used in the pro duction of artificial radioactivity. This gift was a great help. Later E. O. Lawrence generously sent some strongly active 32P samples, produced by Martin Kamen. When en route from Cornell to Japan, Hevesy first met Ernest Lawrence who demonstrated the acceleration of protons by his first miniature cyclotron. Hevesy could not then foresee the enormous importance for his own work of this ingenious tool. In 1937 a symposium on the applica tion of 32P was held in which among others Meyerhof, Parnas and Joliot participated. Meyerhof had great doubts as to the usefulness of 32P as a tracer, 'es wird alles verschmiert' he remarked. He had in mind the fact that the inorganic 32P comes in rapid exchange equilibrium with the labile P of A TP. Parnas, however, realized the great possibilities opened. Hevesy soon started a joint work with him on the reaction path of glycero-phosphate, coriester formation. With Ladislaus Hahn they carried out extended studies on phosphatide metabolism including phosphatide formation in the chick embryo. With Aten he studied the incorporation of 32P into red corpuscles, studies which led among others to the labelling of erythrocytes with 32 P, a method which later found extensive application.
When starting to work with 42K he had to content himself with samples having 1000 to 2000 counts per minute or less. To carry out animal experi ments with such activities was quite a difficult task and explained much of the shortcomings of his early research on potassium metabolism. They could however, demonstrate at an early date the intrusion of 42K into erythro cytes. Hevesy remembered vividly the astonishment of Rehberg, later Krogh's successor, when he learned this result. He did not believe that potassium can enter into erythrocytes. They succeeded also in showing that muscular work strongly enhances the rate of incorporation of 42K into the muscle cells.
Hevesy worked also with Wallace Armstrong from Minnesota and W. Arnold, now at Oak Ridge, on the incorporation of 32 P into tooth enamel. In 1936 he started an investigation with Hahn on the rate of renewal of brain phosphatides; in 1939 he and Ottesen studied the turnover rate of desoxy ribonucleic acid. They found in contrast to other P compounds which are renewed at a remarkable rate in the outgrown liver that incorporates 32P at a very slow rate only. They interpreted these results to mean that 32P incorporation into DNA does not measure a renewal of DNA molecules but a formation of new cells. In following up the results Hevesy became interested in the rate of formation of DNA in tumours and to what extent it is influenced by X-rays. During one of his visits to Stockholm he found that Professor H. v. Euler had a great number of rats inoculated with Jensen sarcoma, a fact which induced Hevesy to cooperate with him in the above-mentioned studies before the outbreak of the war. They collected much experimental material, proving the blocking effect of X-rays on the formation of DNA. It was mainly due to Lucie Ahlstrom's, Euler's assistant, great zeal and efforts that these results were obtained. While she was extracting DNA and diverse other phosphorus compounds they carried out the radioactive measurements in Copenhagen. They were very fortunate in choosing the Jensen sarcoma as the object of their studies. When later investigating the effect of irradiation on solid ascites tumours no positive results were obtained.
During the first 3£ years of occupation of Denmark Hevesy could work undisturbed and he had also the opportunity to visit Stockholm repeatedly to look after his joint investigation with Euler and Ahlstrom. In the first days of October 1943 he met a lady in the streets of Copenhagen who told him that at a dinner party the evening before, Bohr had confided to her that he intended to escape to Sweden next day. A less careful man than Niels Bohr might have talked publicly about such plans, but Niels Bohr was the most discreet man Hevesy ever met. So he objected very strongly to the statement of the lady, an objection which, as he was to learn later, had a useful effect. But while the statement of the lady about the dinner party was untrue, Bohr in fact left. He did so at the wish of the Danish Government who learned that the Germans intended to imprison him. While famous patriots in France were deported, in Denmark they were taken as hostages. It was also suggested that August Krogh the second Danish Nobel Laureate and great physiologist, should leave the country and he did so. His deputy, Rehberg, was arrested a few months later and put on the top floor of the Shell building occupied by the Gestapo. The British were well informed about all happen ings in Copenhagen and by placing Danish patriots on the top floor the Gestapo hoped to be protected from British bombs. One day, however, a Mosquito bomber arrived and threw a bomb into the side of the building. The bomb affected fatally some of the Gestapo men and made it possible for Rehberg to escape. The same fisherman who brought Krogh and Hevesy to Sweden also brought Rehberg over. The three used often to discuss problems in Copenhagen in the afternoons. They could now do it in Stockholm.
Hevesy thought that after Bohr left, the laboratory would be occupied by the Germans. But they did not occupy it until a year later. They were very foolishly looking for documents dealing with the construction of atomic weapons. Bohr's institute was not at all interested in that line. Hevesy vividly remembered that in July 1943 on a Sunday walk with Bohr and Bjerrum the former remarked that he did not believe in any practical application of fission in our lifetime. He remarked later that he 'could of course not foresee the tremendous brainpower, manpower and money, all on an unprecedented scale, that was to be mobilized by the United States'. When the German Army occupied the Institute in the early hours of the day, only two mem bers of the staff were present: the chief mechanic Olsen and assistant Boggild. Both were put into prison and pressed for non-existing secrets for quite a time.* As Hevesy used to start his work in the morning he would have presumably been present and imprisoned as well. He was very fortunate in avoiding this unpleasant possibility and also in avoiding being without a laboratory for a long time.
In those days Hevesy's joint work with Euler and Ahlstrdm was in full swing and his moving to Sweden intensified this work. The work was planned by Hevesy, but carried out writh great skill and endurance by Lucie Ahlstrom. By following up the incorporation of 32P into of the sarcoma they could demonstrate that after exposing the rat to X-rays DNA formation is depressed to 50 per cent of its normal rate. Also that irradiation of the left flank of the animal influences DNA formation in a sarcoma of the right flank (indirect effect). DNA formation in suckling rats was investigated, leading to the same results as the first mentioned investigations. After availability of CH3I4COOH Hevesy found the incorporation of I4G into the purines of the DNA of the organs of irradiated growing mice to be strongly depressed; not, however, incorporation into proteins, which was even somewhat enhanced. These studies led also to the discovery of a very short-lived fatty acid fraction in the liver.
During the visit of Joliot and his wife to Copenhagen in the autumn of 1937 they mentioned that they and the third French Nobel Laureate Jean Perrin having been asked to propose a candidate for the Nobel prize had proposed Hevesy. They told Hevesy that they did not succeed in obtaining the adherence of the French Academy to their proposal. Hevesy was a highly unpopular person in the eyes of that Academy in view of his discovery with Coster of the element 72 which a very influential member, Urbain, claimed to have discovered. Though the controversy took place in 1922-1923 it was not yet forgotten. During his stay at the Saltsjobaden Sanatorium in November 1944 , where Hevesy was recovering from the very unpleasant * The Daily Mail published a foolish article that Bohr left Denmark with secret documents which dealt with the manufacture of atomic bombs. 149 infection contracted at the Kristineberg Zoological Station, he got the news that he was awarded the Nobel Prize for 1943. Due to the war the prize was handed over in a meeting of the Academy of Sciences. During the ceremony his right-hand neighbour, the eminent explorer, Sven Hedin, remarked: 'It is a very great responsibility Great Britain and the States take upon themselves handing over the European Continent to Russian rule.' Hevesy thought that he was absolutely right, but had failed to follow up the line of thought which ought to have led him to the conclusion that it was Hitler who was ultimately responsible for this unhappy state of affairs.
Hevesy intended to return to Denmark as soon as the war ended. Several reasons induced him to remain in Sweden. His Copenhagen assistants, whilst he was away, became 'mature', they found their own problems which they were to follow up in the years to come. Thus he would not have assistants working on his problems. Hevesy's premises at Bohr's Institute dwindled away due to building activities. He was promised a new laboratory once the extension of Bohr's Institute was completed, but this would have taken several years. Furthermore, his children attended Swedish schools and his moving to Copenhagen would have necessitated their switching over to Danish schools. It was a hard decision for him. It had not only been a very great privilege, but also a unique pleasure to work in an institute, the head of which was Niels Bohr. Fortunately, it was arranged that he could spend some time in Copenhagen almost each month, and retain some of his former premises for some time at least and to keep intimate contact with his former collaborators and, what mattered much more than any of the above items, to see Niels Bohr quite frequently to whom he felt bound with so many ties of friendship and admiration.
In Stockholm he was provided with laboratories in the Institute for Research in Organic Chemistry and Biochemistry He cooperated with Dr Bonnichsen of Theorell's Institute on various problems of iron metabolism and with the head of the histological depart ment, Professor Haggquist, with whom he investigated the toxic effects of massive heavy water doses on the mouse and on fish. Since both Theorell and Hevesy were interested in the rate of renewal of myoglobin, they established increasing contact in the later years.
In 1956 Hevesy started haematological studies in Dr Kottmeier's depart ment in the Radiumhemmet carried out first by his collaborator Dal Santo and later by Lockner. With G. v. Ehrenstein and Lockner they carried out similar studies on mice inoculation with an Ehrlich carcinoma and on CgH mice with spontaneous tumours. They spent much time in the study of the haemoglobin fraction discovered in liver nuclei. The site of the physiological destruction of the red corpuscles in the rabbit was studied. The radio sensitivities of the maternal and foetal haemopoiesis were compared, and the effect of irradiation with the gamma rays of 6oCo on haemopoiesis in fish investigated.
The availability of45Ca made it possible to study the size of skeletal fraction which is conserved during the lifetime of the mouse. They administered 45Ca to pregnant mothers and obtained uniformly labelled offsprings. The same technique was applied in the investigation of the retention of 59Fe by the mouse throughout life and in the studies carried out with Forssberg on the stability of DNA molecules present in the organs of the mouse. The release of RaD incorporated during growth by the skeleton of the mouse was investigated on similar lines. Hevesy continued to work in his laboratory at Stockholm until 1961; he was then 76 years old. Two years later in 1963 he wrote to one of his medical advisers: 'From a scientific point of view it is interesting to follow a case like mine-what the organism can achieve and what not, and how it can be influenced, but from the point of view of nursing, it is pretty senseless to make such great efforts to prolong the life of an old man. ' He returned to Freiburg to stay in a medical clinic where he was well cared for by Professor Riechart and Professor Heilmeyer. In April 1966 he visited Rome to attend the meeting of the Papal Academy of Sciences on Radiation Haematology, and gave the opening address. A doctor accom panied him and an oxygen cylinder was standing by during his lecture, but was not required. He had a personal audience with the Pope.
Hevesy died on 5 July 1966.
My account of Hevesy's life and work has been taken almost entirely from the very extensive and detailed notes which he sent to me shortly before his death to be used 'by whoever was invited to write his memorial notice'. His family also lent me a collection of letters from Rutherford and Bohr and other scientific colleagues, and Professor Mitchell lent me some personal letters. Dr R. Spence has helped by reading and amending the typescript.
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